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Advanced extreme ultraviolet (EUV) sources currently under development for high volume lithographic 
nanofabrication are capable to generate powerful radiation in the 13.5 nm-band (within ± 2% bandwidth) [1], but 
they also emit a significant amount of out-of-band radiation, which needs filtering methods for reliable spectral 
monitoring. Unfortunately in the EUV, except for sophisticated spectrometers, there are no narrowband 
transmission filters or simple absorptive filters providing narrow bandwidths with an adjustable transmitted 
wavelength. 
Here we present, based on our previous work [2], a solution that promises tunable and narrowband EUV 
transmission filters by exploiting the Borrmann effect [3,4] in a multilayer stack formed by transparent layers 
(e.g. Si) and sub-wavelength-thick absorbing layers (e.g. Ni, see Fig. 1.a). The effect can be explained in two 
steps. First, the layer thicknesses are chosen to strongly reflect the EUV radiation which creates a standing-wave 
pattern. Then, by fine tuning the thickness and spacing of the layers, the location of the nodes is adjusted such 
that, for a selected wavelength, the absorbing layers overlap only with the nodes. Because there is only little 
intensity in the nodes, the selected wavelength experiences a much reduced absorption, compared to neighboring 
wavelengths (that have their field maxima located in absorbing layers). 
We designed a Multilayer Borrmann Filter (MBF) with an optimum transmission-to-bandwidth ratio at 
13.5 nm and normal incidence, which might be suitable for fabrication. The multilayer stack consists of 74 Ni/Si 
bi-layers with thicknesses of 1.3 nm (Ni) and 5.4 nm (Si). The calculated field intensity and transmittance at 
13.5 nm are shown in Figure 1. 
 
  
  
 
Fig. 1 a) Calculated field intensity versus depth within the first layers of a Ni/Si multilayer stack consisting of 74 Ni/Si bi-
layers with thicknesses of 1.3 nm (Ni) and 5.4 nm (Si) optimized for maximum transmittance at 13.5 nm at normal 
incidence (θ = 0°). b) Calculated transmittance, exhibiting a 0.23 nm wide peak at 13.5 nm that corresponds to a narrow 
relative bandwidth (FWHM) of 1.7%. 
 
As can be seen, the transmittance is below 3×10
-4
 (or even much less) over a wider range but exhibits a 
strong, narrow-band peak of 0.23 nm bandwidth (transmission 10
-2
). This corresponds to a relative bandwidth of 
1.7% and is thus matching the above named requirements. We note that also other specific wavelengths and 
bandwidth values can be provided, simply with a modification of the layer thicknesses and the number of bi-
layers. In the next step we are aiming to realize such filters for monitoring applications in EUV sources. 
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